Abstract: A class of dynamic discrete systems (control systems) with unknown parameters is considered. The unknown parameters are assumed to be values of uncertain variables described by an expert in the form of certainty distributions. The method of an estimation (evaluation) of the certainty index that the system is stable is presented and stabilization problems based on such an estimation are formulated. The analogous approach for the system with uncertain and random parameters is described. The method of a parametric optimization considered as a specific decision problem is proposed. Simple examples illustrate the presented approach.
INTRODUCTION
There exists a great variety of formal descriptions of uncertainties and uncertain systems (see e.g. (Klir and Folger, 1988; Yager, 2002) ). The idea of uncertain variables, introduced and developed in recent years, is specially oriented for analysis and decision problems in a class of uncertain systems described by classical models or relational knowledge representations with unknown parameters characterized by an expert (Bubnicki, 2001a (Bubnicki, , b, 2002 (Bubnicki, , 2004 . It has been shown how to apply the uncertain variables in stabilization and optimization problems for a class of uncertain control systems (Bubnicki, 2003a, b) . The purpose of this paper is to present new problems and results in this area: 1. The application of so called C-uncertain variables which permits to use an expert's knowledge in a better way. 2. A new approach to the stabilization problem. 3. An extension of the considerations for the systems containing uncertain and random parameters in one mathematical model. 4. A new method of a parametric optimization based on the uncertain variables.
In recent years, a considerable amount of works have been devoted to different problems of uncertain control systems, including problems of stability and stabilization, and an idea of robust control (e.g. (Amato, et al., 1998; Zhang and Mizukami, 1999; Bubnicki, 2000; Krstic and Hua, 1998; Qu, 1998) and the references therein). Roughly speaking, considerations in these works are based on nonprobabilistic descriptions of an uncertainty in the form of a given set of unknown parameters and/or a given set of nonlinearities. A new idea described in (Bubnicki, 2003a, b) and developed in this paper consists in using the description of unknown parameters given by an expert in the form of so called certainty distributions characterizing his/her opinion on different approximate values of these parameters. The approach is not related to any particular stability conditions or any particular formulations of a quality index, but shows how to use the known stability conditions and the forms of quality indexes to the stability estimation, stabilization and parametric optimization based on the uncertain variables. The methods of the stability estimation and stabilization for two cases are described in Sec. 3 and 4, and the method of a parametric optimization, strictly related to the previous considerations based on the uncertain variables, is shortly presented in Sec. 5.
PRELIMINARIES
A. Uncertain variables. Details concerning uncertain variables may be found in the book (Bubnicki, 2004 
B. Stability estimation. Consider a nonlinear timevarying system described by
where S s n ∈ is the state vector, C c n ∈ is the vector of time-varying parameters, X x ∈ is the vector of unknown parameters which are characterized by an expert, E e ∈ is the vector of parameters which may be chosen by a designer; 
Thus, for the known stability conditions ) , ( e x M and ) , ( e x G it is possible to estimate the certainty index ) (e v cs by the determination of the lower and upper bounds (5) and (6) 
typical case x denotes an unknown amplification factor of a control plant and e denotes an amplification factor of a controller in a closed-loop control system. Assume that 0
It is easy to show that (5) (5) and (6). It is worth noting that for the estimation of cs v not only a sufficient but also a necessary stability condition should be formulated. To illustrate the presented approach we may use the following conditions presented in (Bubnicki, 2000 (Bubnicki, , 2003a , based on the principle of contraction mapping (see e.g. (Bubnicki, 1968) 
where || || ⋅ is one of the norms
then the system (2), (3) is GAS. 
Assume that x is a value of C-uncertain variable x described by a triangular ) (x h presented in Fig. 1 . In this case, according to (7) ) (x h 
STABILIZATION OF A SYSTEM WITH UNCERTAIN AND RANDOM PARAMETERS
The problem and method presented in Sec. 3 may be extended to a system containing two kinds of unknown parameters in its description: uncertain parameters described by certainty distributions and random parameters. Let (Bubnicki, 2004) another version concerning uncertain and random parameters in a decision problem has been described: w has been a random parameter in the certainty distribution given by an expert. The application of this description of the uncertainty to our considerations concerning the stability means that the system is described by (2) but the certainty distribution for x has the form ) , ( w  x  h where w is a value of a random variable w described by ) (w f . The consequence is the same as in the first version, i.e. according to (5) and (6) Example 2. Consider the system described in Example 1 and assume that the parameter z ∆ = w in the certainty distribution (Fig. 1) is a value of w with an exponential probability density: (11) Using (13) we may obtain ) ( ) ( ) ( 
PARAMETRIC OPTIMIZATION
The uncertain variables may be applied to the evaluation of a quality of the system under consideration and to a parametric optimization based on a general approach to decision problems of uncertain systems using the uncertain variables (Bubnicki, 2004) . Let us introduce a quality index for the system (2) in the form 
It is easy to note that for the given e, ) , . Thus, the procedure of the parametric optimization presented here contains the determination of c v (14), the maximization (15), the solution of the equation (16) and the determination of the final value * e . Example 3. To illustrate the presented method let us consider very simple example of one-dimensional feed-back control system containing a plant with the input n u and the output n y , described by the equation 
CONCLUSIONS
The uncertain variables are proved to be a convenient tool for stability estimation, stabilization and a parametric optimization in a class of uncertain dynamic systems with unknown parameters characterized by an expert. In the case of C-uncertain variables the considerations are more complicated but the expert's knowledge is used in a better way.
The methods described for discrete systems may be applied to continuous systems in an analogous way. The presented approach may be extended to complex control systems considered as specific cases of uncertain systems with a distributed knowledge (Bubnicki, 2004) .
